Prorenin 
Vngiotensinogen 



Kininogens 
LK HK 



Kallistatin 



/ 



M Renin 



igiotensin I 



Angiotensin II 



Tissue 
kallikrein 



Aminopeptidases 



Kallidin 



Plasmin 



Prekallikrein * — FXIIa 

/ * 

C1-INH 

/ 

Plasma ► 

kallikrein 



Cteaved HK 



FXII 



t t 

Bradykinin 



(Kininase II) 
ACE 

Neutral endopeptidase 



(Kininase I) 
Carboxypeptidase N 

Aminopeptidase P 



Inactive fragments 



TRENDS >n Moiecuiar Medicine 



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x stili appears, you may have to delete the image and then insert it again. 



Pancreatite 




Hepatorenal 
syndrome 




Anti- 

- hypertrophic 

- proliferative 

- aggregatory 

- atherosclerotic 



Prevention of 

- infarction 

- remodehng 

- arrhythmias 



Ariti- 
hypertensive 



Septic 
shock 



\ t / 

Vasodilation 



\ 



Release of 

NO. PGIj. I-PA 



I 



Ischemie 
preconditioning 

\ 

Glut4 
translocation 

/ 



Improvement of 
insulm sensitivity 



<=>(bk)=> 



Contact 
activation 



Alzheimer's 
disease 



Increase in _ 

vascular 
permeability \ 

\ 

Release of 
inflamatory 
mediators 

i 

Stimulatton of 
sensory nerves 

\ 



Edema 



A 


Rhinitis 






Asthma 




Cohtis 






/\ 


Arthritis 



Effects of bradykinin in different pathophysiological states. Reprinted with permission from Heitsch (7). 



trace Factor Xlla 



Factor XII ► Factor Xlla 




Prekallikrein 



HK 



Kallikrein 
■ HK 



numi 


1 






■Un 




i 






Factor XII 



Bradykinin 



Factor Xlla 



Factor Xllf 





Autodigestion 
Kallikrein 

C1 



ci H 



C4&C2 
Digestion 



FIG. 21-5. The plasma kinin-forming cascade. The initiating autoactivation step, the positive feedback 
involving kallikrein, and a linkage to the complement cascade are depicted. Ali steps inhibitable by C1 
inhibitor (C1 INH) are shown. 



Fattori di attivazione (diretta [a, b] o mediata da attivazione 
del fattore di Hageman [e] ) 
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Figura 13.29 - Cascata dei mediatori plasmatici innescata dall'attivazione del fattori XII di Hageman. 



Nella reazione infiammatoria ci sono molte condizioni responsabili della 
attivazione dei sistemi intrinseci ed estrinseci della coagulazione : 
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FIGURE 22.7 
The coagulation 
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arre 
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trinsic and extrin- 
sic pathways 
meet at the level 
of factor X. 
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Figure 4. Tissue factor-mediated activation of coagulation in- 
duced by inflammation. TF - tissue factor; ECs - endothelial 
cells; PL - phospholipids. 
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Nella reazione infiammatoria ci sono molte condizioni responsabili della 
attivazione dei sistemi intrinseci ed estrinseci della coagulazione : 



a) Danno ai tessuti (acidificazione, proteasi, esposizioni a superfici cariche negativamente) 

i 

Fattore di Hageman 

b) Fenomeni emorragici (Fattore xn) 

c) Aggregazione piastrinica in corrispondenza di danni vasali 

d) Attivazione della plasmina e del sitema delle chinine 

e) Presenza di endotossine o proteasi batteriche 

f) citochine che inducono modificazioni degli endoteli in senso protrombotico 



I 

Il meccanismo più' importante e' 1' attivazione del Fattore di Hageman 



MECCANISMI DI FORMAZIONE DELLE CHININE 

Le chininogenasi (p. es. la callicreina) si trovano normalmente in uno stato inattivo 
e debbono essere pertanto attivate per poter agire sui chininogeni. 




A - Sistema di attivazione intrinseca (per azione di fattori presenti nel sangue) : 

precursore * chininogenasi * chininogeno 

(pre-callicreina) (callicreina) j 

chinine 

B - Sistema di attivazione estrinseca (analogo, ma gli attivatori originano dai tessuti, 
p.es. proteasi da leucociti, endoteli, piastrine) : 

attivazione di proteasi dei tessuti ► chininogenasi ►chininogeno 

▼ 

chinine 
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Figure 4-8 



The coaiiulation cascade . Note the com- 





mon link betwcen the intrinsic and extrin- 
sic palhways al the level of factor IX ac- 
tivatioo. Faetors in red boxes represent 
inactive molecules: activated faetors are 
indicated with a lower-case a and a green 
box. HMWK. high-molecular-weighl ki- 
ninogen. Not shown are the inhibitory ait- 
licoagulant pathways (see Rgs. 4-6 and 
4-10). 



FIGURE 9.33 
Polymerization of 
fibrinogen to 
fibrin. The first 
step is accorri- 
plished by the en- 
zyme thrombin. 
The fibrinopep- 
tides A and B are 
clipped off and 
join the pool of 
inflammatory me- 
diators; the 
fibrinogen mole- 
cule is then con- 
verted to fibrin 
monomer, which 
self-assembles 
into filaments of 
fibrin. (Adapted 
from [1261. ) 
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Fig. 2 Complement aclivation pathways {.MAC membrane altaek complex; \fBL mannose binding 
lectin. MASP-2 mannose associateci serine protcasc-2. //* tissue lactor. 
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Figuro 1. Structure of fìbrin(ogen) and its 
cleavage sites. During coagulation, throm- 
bin cleaves fìbrinogen releasing the fìb- 
rinopeptides A and B (Aul-16, Bpl-14) 
therewith triggering fìbrin polymerization. 
Following proteolysis of fibrin by plasmin 
generates various fibrin fragments such as 
D-dimers, D and E fragments, Bp 15-42 and 
a chain fragments. The scissors mark plas- 
min cleavage sites. while the knife marks 
thrombin cleavage sites. 




Figure 2. Modulation of inflammation by fibrin(ogen) and their degradation products. Fol- 
lowing trauma and/or infection, tissue factor is released and induces coagulation. 
Fibrinogen is converted to fibrin, which in turn is degraded by plasmin. Fibrin(ogen) modu- 
lates the inflammatory response by affecting leukocyte migration, but also by induction ot 
cytokine/chemokine expression mostly via Mac-1 signaling. Fibrin fragment E also induces 
cytokine expression and leukocyte recruitment/migration by binding to VE-cadherin, 
which is inhibited by Bp 15-42. Furthermore, Bp 15-42 preserves stress-induced endothelial 
barrier function by inhibiting Rho-kinase activation and subsequent junction opening. NO, 
nitric oxide; Mac-1, macrophage antigen 1; PI3K, phosphoinositide-3-kinase; TNFa, tumor 
necrosis factor-a. 



L' attivazione della coagulazione porta a flogosi perche' origina 
mediatori: 

- via fattore XII per attivazione dei sistemi polimolecolari solubili 

- via attivazione della trombina e proteolisi del fibrinogeno 
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TABLE 21-2. Plasma inhibitors of enzymes of contact activation: relative contributions 

to inhibition in normal plasma 

Enzyme 



Inhibitor 



Facto rs 



Xlla 



Xllf 



Kallikrein 



Factor Xla 



C1 Inhibitor 
Antithrombin III 6 
a2-Macrogloblin 
a2-Protease inhibitor 
ai-Antiplasmin 
arAntitrypsin 



91.3 
1.5 
4.3 

3.0 



93 
4 



52 (84 a ) 

nd 
35 (16 a ) 

nd 

nd 

5(0) 



47 
5 

25 
8 
23 



nd, not determined separately 

a Data obtained from generation of kallikrein in situ 

ù Data are for results obtained in the absence of added heparin 



Sistema della plasmina 

La PLASMINA è un enzima che viene attivato nel plasma ed ha azione proteolitica sulla 
fibrina e altre proteine (fìbrinolisina). 

Il sistema della PLASMINA è composto dai seguenti fattori: 

PLASMINOGENO. E' il precursore inattivo. E' una (3-globulina di p.m. 80.000. Viene attivato 
in PLASMINA per azione di un: 

ATTIVATORE DEL PLASMINOGENO, una y2 globulina (p.m. 100.000) che normalmente è 
allo stato inattivo chiamato: PRO ATTIVATORE DEL PLASMINOGENO 
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FIGURE 22.16 

A cartoon version of some molecular interactions in 
fibrinolysis. A: Both plasminogen and its activator settle 
on a filament of fibrin. The animal-like features of 
plasminogen are fanciful, but the "paws" symbolize the 
lysnvbinding sites criticai in binding to fibrin. B: Plas- 
minogen activator transforms plasminogen into an active 
enzyme, plasmin. C: Plasmin breaks down the fibrin. 
(Simplified from [69].) 



FATTORI ATTIVANTI IL SISTEMA DELLA PLASMINA: 

Fattore di Hageman (con tutti i suoi attivatori) 
Trombina 

Enzimi proteolitici tissutali 
Enzimi batterici 

Esistono due meccanismi di attivazione: 



SISTEMA INTRINSECO 

(plasmatico) 
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Fattore di Hageman, 
Trombina, Plasmina, Kallicreina, 
Proteasi Plasmatiche 
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Proattivatore del plasminogeno 
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Attivatore del plasminogeno 
tessutale secreto dai 
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macrofagi, endoteli, ecc 




Un certo numero di protesti (ad esempio Felastasi, 
b odlicreina, la catepsinaG e la trombina), che normalmente si 
trovano nel sito della lesione o dell'infezione, possono dare inizio 
alla cascata della plasmina, una proteasi attiva. La produzione della 
plasmimi dal suo precursore, il plasminogeno, è il risultato dell'at- 
tivazione della cascata. La funzione della plasmina e il rimodella- 
mento della matrice extracellulare, durante la riparazione della le- 
i ne e può anche attivare il complemento. 
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AZIONE BIOLOGICHE MEDIATE DELLA PLASMINA 
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Via CI 
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Figure 3. Plasmin-induced proinflamma- 
tory celi activation. (A) Signaling path- 
ways and mediators activated by plasmin. 
(B) Plasmin-induced kinase cascade lead- 
ing to chemotaxis of human DCs. PDK1, 
Phosphoinosiude-dependent kinase- 1 ; 
MLCK, myosin light-chain kinase; P, 
phosphorylated. 
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TABLE 1. Plasmin-Induced Celi Activation 




Celi type 


Effect on cellular function 


Receptor 


Plasmin concentration 


Reference 


Monocytes 
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Fig. 18.3 - Correlazione tra deficit dell'inibitore del CI (C1-1NH) e comparsa di edema nei pazienti affetti da angioedema eredi- 
tario. In assenza (o carenza) del C1-1NH, si ha elevata formazione di un frammento complementare (C2 chinina) dotato di azione 
vasopermeabilizzante. Il CI attivato (CI), infatti, svincolato dal controllo esercitato dall'inibitore produce molte molecole C2b 
dalle quali, per azione della plasmina (anch'essa non più sottoposta al controllo del C1-1NH), si formano frammenti C2 chinina. 
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INTERAZIONI TRA FATTORI PLASMATICI 
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Interrelationships between the four plasma mediator systems triggered by activation of factor XII 
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Figure 1.6. The coagulation cascades (intrinsic and extrinsic) and intercommunications 
with kinin generating and fibrinolytic cascades. 



PRINCIPALI MEDIATORI DI ORIGINE CELLULARE, 
PREFORMATI, CHE VENGONO SECRETI 



ISTAMINA 
SEROTONINA 
ENZIMI rilasciatoli 




HC 
I 



C CH 2 CHCOOH 

I I 

NH NH 



Istidina 

istidin-decarbossilasi 



CH 




Istamina-metii 
rtransferasi 



HC = C-CH 2 CH 2 NH 2 
I I 

H 

N-Metilistamina 

Monoaminossidasi 



Diaminossidasi (istaminasi) 



■ 



HC = C-CH 2 C00H 

I I 

N. — N 



CH 



/ ^C^ 



H 



Ribosio 



Acido imidazolacetico 



HC z= C-CH 2 C00H 

I I 

N 



H 



Acido N-Metilimidazoiacetico 



Imidazolacetico-riboside 



Fig. 7. Sintesi e degradazione dell'istamina. 



Mast celi degranulation (a) 



IgE-coated resting mast celi 



FceRI 




Antigen 



Antigen-activated mast celi 




Antigen- 

cross-linked 

IgE/FceRI 



Histamineflipid 




Cytokines 


iiiydlcilurs 





Vascular/smooth 
muscle response: 
immediate reaction 



Inflammation: 
late phase reaction 



FATTORI CHE INDUCONO RILASCIO DI ISTAMINA 



- IgE + Ag 

- Peptidi: C3a, C5a, chinine, 

- enzimi: proteasi , fosfolipasi 

- tossine batteriche: endotossine 

- idroperossidi, leucotriene B4 

-PAF 

- sostanza P 

- lectine 
-IL-5 

- H 2 0 2 , ionofori Ca++ 




- calore, freddo, ATP 



EFFETTI PROANGIOFLOGISTICI LOCALI DELL'ISTAMINA 




- iperemia 

- aumento permeabilità (azione diretta e indiretta) 

▼ 



eicosanoidi, ossido nitrico (NO) 




Hg. 18.7 - huentgciuk) con i {recettori II presenti sulla membrana dogli cndotctiocili ventilali, l'islam ina promuove l'attività con- 
iraiule ilei miciufilamcnti. la conscguente contrazione dei poli citoplasmatici e l'allargamento delle giunzioni intercellulari. A) 
Emlotclioeiia non stimolato, li) Endotcliocila stimolalo. 



EFFETTI PROANGIOFLOGISTICI LOCALI DELL'ISTAMINA 



iperemia 

aumento permeabilità (azione diretta e indiretta) 

▼ 

eicosanoidi ossido nitrico (NO) 

rolling e adesione per aumento delle selectine P su endoteli, 
chemiotassi per eosinofili 
attiva la secrezione di muco 
prurito 

stimola produzione di eicosanoidi (endoteli) con effetto vasodilatatore 
attiva la contrazione della muscolatura liscia dei bronchi e dell'intestino 
stimola produzione di ossido nitrico (NO) da parte degli endoteliociti 
stimola secrezione HC1 nello stomaco 




EFFETTI GENERALI DELLTSTAMINA (p.es. shock anafilattico) 



Agisce su cellule muscolari liscie, endoteli e cellule infiammatorie 

via recettori (HRs) 

vasodilatazione 



- caduta della pressione 



- emoconcentrazione 



- leucopenia 



- abbassamento della temperatura corporea 

- stenosi delle vie aeree con dispnea 



- vomito, diarrea, salivazione 




Hi stamine 




Figure 1 1 The major classical physiological roles of histamine. a | Histamine has 
long been known to be a major mediator of Inflammation. b | Histamine is also released 
in the gut by enterochromaff in-like cells (ECL) where it then acts on parietal cells to 
increase acid secretion. c | In addition, histamine is stored by neurons and can be 
released to act as a neurotransmitter both in the centrai and peripheral r>ervoLi i i 
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Table 1 : Characterization of histamine receptors in terms of tissue distribution,signal transduction, selective antag- 



onists and agonists and physiological as well as pathophysiological function (modified from [1 1 , 28]). 





Receptor 




H 2 R 


H,R 


H 4 R 








Expression tissue 


Nerve cells, smooth muscle 
in respiratory, gastrointesti- 
nale urogenital tracts and 
vessels, hepatocytes, endo- 
thelial cells, epithelial cells, 
neutrophils, eosinophils, 
monocytes, DCs, T and B 
lymphocytes 


Nei ve cells, smooth mu- 
scle in respiratory tract 
and vessels, parietal cells 
in gastric mucosa, hepa- 
tocytes, chondrocytes 
endothelial cells, epithe- 
lial cells, neutrophils, 
eosinophils, monocytes, 
DCs, T and B 
lymphocytes 


Histaminergic 
neurons, eosino- 
phils, monocytes, 
(DCs) 


Mast cells eosino- 
philic basophils, 
DC T lymphocytes, 

monocytes, 
neutrophils, nerve 
cells, dermal fibro- 
blasts, endocrine 
cells in the gastro- 
intestinal tract 








Intracellular signal 
cascade 


( r + T , phospholipase D, 
phospholipase A 2 , NFkB 


cAMP t, adenylate cy- 
clase, c-Fos, c-Jun, PKC, 
p70S6K 


cAMPi,Ca 2+ T, 
MAP kinase 


cAMPi,Ca 2+ T, 
AP-lT 








G protei n 








G i/<* 








Physiological function 


Contraction of smooth 
muscle, increase capillary 
permeability, sleep-wake 
cycle 


Glandular secretion, rela- 
xation of smooth muscle 


Regulation of 
sleep and food in- 
take 


Chemotaxis/cytoki 
ne/ chemokine 
production by im- 
mune cels 








Pathological relevance 


Immediate hypersensitivity 


Acid-induced gastritis, 
gastrointestinal ulcers 


Cognitive 
disorders, obesity 


Inflammation, 
pruritua 




i 




Selective agonists 


N-methylhistaprodifèn 


Amthamine, arpromidine 


Immethridìne 


4-methyIhistamine 








Selective agonists 


(+)-Chlorpheniramine 


Cimetidine, ranitidine 


Tiprolisant 


JNJ7777120 







H 4 receptor stimulation 



IL-4 t 
IFNyT 



• 
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Migration | 
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iNK celi 
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celi 
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Figure 3» Simplified schematic of known response to H 4 R stimulation on T celi subtypes, antigen pre- 
seli ting cells and on interaction of T cells and antigen presenting cells. A stimulation of H 4 R results 
in an down regulation of IL- 12 and CCL2 but in parallel to an enhanced migration of antigen pre- 
senting cells. Eventuali}' both stimulating and inhibitory signals act on Th2 cells. A direct stimulation 
of Th2 cells induces an upregulation of IL-31, a cytokine centrai for the induction and maintenance 
of itch. An H 4 R mediated stimulation of invariant naturai killer cells (NK cells) leads to an increased 
secrerion of IFN-7 and IL-4. By contrast, regulatory T cells secrete more IL-10. Thus histamine exerts 
an immunomodulatory role via H 4 R, depending on the stimulated celi immunosuppressive as well as 
immunostimulatorv signals are mediated via H 4 R (modifìed from Gutzmer et al., 2009 [6]). 
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Figure 1: Distribution of H]R and H 4 R in immune cells in the skin. As both H]R and H 4 R are 
expressed on severa! immune cells relevant for the pathophysiology of atopic dermatitis, an antago- 
nism of both receptors might be a new therapeutic strategy for the treatment of allergie skin diseases. 
Central functions of immune cells like chemotaxis and cytokine secretion are modulated via the H 4 R 




FIG 1. HistamineinfluencesDCmigration (H4R) and cytokine secretion, resulting in increased IL-12 (H1R) or 
IL-10 (H2R) responses. H1R is expressed by T H 1 cells, and histamine further promotes the T H 1 program by 
enhancing IFN^-y secretion. H2R suppresses both T H 1 and T H 2 functions while promoting the potency of 
Treg cells. H4R is expressed on certain leukocytes as an important chemotactic receptor. H3R activation 
on neuronal cells results in altered neurotransmitter release, with subsequent effects on T-cell chemokine 
release. 
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Fig. 18.8 - Schema della biosintesi e del catabolismo della 5- 
idrossitriptamina. 



EFFETTI PROANGIOFLOGISTICI 
DELLA SEROTONINA: 

-Aumento permeabilità ' 

- funzione vasoattiva 

- stimola produzione di (ossido nitrico) NO da 
parte degli endoteliociti 

- stimola flbroblasti 





Enterochromaffin Preosteoblast 

O Q) 

Serotonin, 5-HT, is generateci by the enzyme Tph in the brain and in enterochromaffin cells of the small intestine. In the 
duodenum, Tphl is regulated by Lrp5. Platelets take up serotonin in the circulation via an ion transporter, 5-HTT, and serotonin is 
released in response to clotting. Yadav et al.5 report that circulating serotonin can bind to a serotonin receptor, Htrlb, on 
preosteoblasts and suppress an intracellular transcription factor, CREB, thereby blocking osteoblast proliferation. The centrai 
nervous system actions of serotonin through the sympathetic nervous system may also have a role in regulating bone celi 
function. 
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Fig. 18.9 - Rappresentazione schematica dei meccanismi proflogistici innescati dal rilascio degli enzimi lisosomiali. (Modificata 
da Goldstein, I.M., Lysosomal hydrolases and inflammatory materials. In Mediators of inflammation. Plenum Press (N.Y.) 
1974). 
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Tab. 18.2 - Principali caratteristiche delle proteasi neutre isolate dai granuli dei neutrofili umani. 



enzima 


Classificazione 
enzimatica 


(Kd) 


Substrati 


Inibitori 


Attivatore del plasminogèno 
(tipo urochinasi) 


Serino-proteinasi 


54 


Plasminogèno 




Serpine 

(PAI- 1/2. maspina) 




Catepsina G 


Serino-proteinasi 


22 


Collaseno insolubile, 
proteogiicani 




a : -antitripsina. 
clorometilchetoni 




Elastasi 


Serino-proteinasi 


34 


Elastina, coilageno 
tipo IV. proteogiicani 




a : -antitripsina. 
ou-macroìilobuiina 

m w 




Gelatinasi A 


Metailo-proteinasi 
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Metailo-proteinasi 
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TIMP-1/2 
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a-1 antitrypsin 
a-2 macroglobulin 



PRINCIPALI MEDIATORI DI ORIGINE CELLULARE, 
NEOFORMATI, CHE VENGONO SECRETI 
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Human NADPH Oxidase: Primary and Secondary Defects Impairing the Respiratory Burst Function 

and the Microbicidal Ability of Phagocytes 
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Figure I. NADPH oxidase activation requires translocation of cytosolic phox proteins and Rac to the membrane-bound flavocytochrome. Upon 
activation, NADPH is oxidized and electrons are transported to the other side of the membrane where molecular oxygen is converted to superoxide 
anion, leading to generation of downstream metabolites, such as hydrogen peroxide and hypohalous acid. In addition to the direct microbicidal 
properties of these reactive oxidants, activation of NADPH oxidase in neutrophils is associated with activation of intracellular proteases (eg, neutrophil 
elastase, cathepsin G) and rclcasc of neutrophil extracellular traps (NETs) that also mediate antimicrobial host defense SOD, superoxide dismutase; 
MPO, myeloperoxidase. 
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FIG. 2. Molecular interactions of cytoplasmic organizer and activator subunits 

A p22 phox 



Ptdlns(3,4)P2 



p67 phox 

autoinhibition A 



PRR| ---- 

autoinhibition 



p47 phox N . 



h| air 




PRR ■ 


phoshorylation 
sites 





B 



p40 phox p47 pho 



NOX2 




r 



Microorganisms and 
inflammatory mediatore 



p22phox 



] 



C^l actrvatim 



p22phox 

-* Pui -,sP 2 UpÌdWM>taboWsm . Ptd.nsP 3 




Flavocytochromo 



Cytosobc 
regulatorv 






Proton 




Phosphorylation 



RAG 





Guanine-nucleotide 
exchange 



Membrane 
bndng 



Nature Reviews | Immunology 



Activation of reactive oxygen species (ROS) generation by assembly of Phox regulatory proteins in phagocytes. Activation of the gp91phox 
system occurs by at least three signalling triggers that result in the assembly of cytosolic regulatory proteins (p40phox, p47phox and p67phox) with 
flavocytochrome b 558 (comprised of the membrane-associated catalytic subunit gp91phox plus p22phox). These triggers involve protein kinases, lipid- 
metabolizing enzymes and nucleotide-exchange proteins that activate the GTPase RAC. Protein kinases, including protein kinase C and AKT 54 ' 55 , catalyse 
many phosphorylations of the autoinhibitory region (AIR) of p47phox, releasing its binding to the bis-SRC-homology 3 (SH3) domain, allowing p47phox to 
bind to p22phox. This also relieves inhibition of the Phox homology (PX) domain of p47phox, allowing binding to lipids. Because p47phox also binds to 
p67phox, it has been described as an organizer protein. Phosphatidylinositol 3-kinase (PI3K) and phospholipase D produce 3-phosphorylated 
phosphatidylintositols (PtdlnsP) and phosphatidic acid, respectively, providing lipids to which the p47phox and p40phox PX domains bind 56-59 . RAC is post- 
translationally modified with a carboxy-terminal hydrophobic geranyl-geranyl group. In RAC-GDP, this group is masked by the inhibitory protein RhoGDP- 
dissociation inhibitor (RhoGDI), maintaining RAC in the cytosol. Activation of exchange factor(s) triggers GTP binding, resulting in conformational changes 
in RAC that promote dissociation from RhoGDI and membrane association through the geranyl-geranyl lipid. The conformational change also promotes 
RAC binding to the tricodecapeptide (TPR) region of p67phox 60 ' 61 , helping to assemble the active complex 
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FIG. 3. Assembly of the phagocyte NADPH oxidase 
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A, Phagocytosis of a particle (c.g., a bacterium) involvcs 
(1) attachmcnt and binding of opsonins (e.g., collectins, or 
C3b and the Fc portion of immunoglobulin) to receptors 
on the leukocyte surface, followed by (2) engulfment and 
(3) fusion of the phagocytic vacuole with granules (lyso- 
somes), and degranulation. Note that during phagocytosis, 
granule contents may be released extracellularly. B, Sum- 
mary of oxygen-dependent bactericidal mechanisms within 
the phagolysosome. MPO, myeloperoxidase, NADP + and 
NADPH, oxidized and reduced forms, respectively, of 
nicotinamide adenine dinucleotide phosphate. 
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PIÙ' COMUNI FATTORI CHE ATTIVANO 
LA ESPLOSIONE RESPIRATORIA 
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Fig. 15. - L'attivazione del metabolismo ossidativo durante la fagocitosi di batteri da parte di 
leucociti neutrofili umani (PMN). Si noti la straordinaria rapidità di insorgenza e l'intensità dei vari 

eventi. 




Fig. 1 The levels of 0 2 ~ produeed and the rate at which it is 
produced can vary depcnding upon the stimulus. Real-timc kinetics of 
0 2 ~ production by thioglycolate-elicited guinea pig ncutrophils 
stim ulated in threc diffcrcnt ways is shown; the ferricytochronie c 
reduction spcctrophotomctric assay was eniployed. Represcntativc 
curves of ceUs stimulatcd with cither (A) NaF (12.5 111M) plus A1Q 3 
(100 uM), (B) the chcmotactic peptidc /-Met-Lcu-Phe (IO -7 M), or 
(O a combination of /-Mct-Leu-Phc and NaF plus AICI3 at the sanie 
conccntrations used in curves A and B. Cclls (1 x IO 6 ) werc added 
and allowed to equilibrate at 37°C for 3 min before addition of the 
stimulus; during that time the resting cclls did not generate 0 2 ~. 
Following the cquilibration period a stimulus was added (arrow). 
With NaF plus AICI3 therc was a long lag period prior to the release 
of modest amounts of 0 2 ~ (curve A). This lag period is likely due to 
the slow entry of the stimulus imo the cclls. The lag period was 
eliminateci when cclls were permeabilizcd by elcctroporation in the 
prcscnce of NaF plus ÀICI3 (Hartfìcld and Robinson 1990). When 
cclls werc stimulatcd with the chcmotactic peptide production of 0 2 ~ 
was cssentially instantancous and was largely shut down by 5 min 
post stimulation (curve B). When cclls were stimulatcd by a 
combination of /-Mct-Leu-Phc and NaF plus AIQ3, at the sanie 
conccntrations used in curves A and B, the initial rate of 0 2 ~ 
production was cssentially the same as that for the chcmotactic 
peptide alone; however, the shut off of the /-Met-Leu-Phc stimulatcd 
0 2 ~ was abrogated and the cclls continucd to produce 0 2 ~ at a high 
rate throughout the coursc of the incubation period. This experiment 
shows that: ( 1 ) resting ncutrophils in suspcnsion do not generate O2 : 
(2) activation of the NADPH oxidasc and the production of 0 2 can 
bc very rapid in intact ncutrophils; and (3) diffcrcnt stimulatory 
conditions can lcad to diffcrcnt levels of 0 2 ~ production and the 
kinetics of 0 2 ~ production vary with diffcrcnt stimulatory conditions. 
The continuous spcctrophotomctric assay for 0 2 ~ production was as 
wc nave described previously (Robinson et al. 1987). Reprintcd from 
Robinson (2008) 



